Circuit formation in the brain requires neurite outgrowth throughout development to establish synaptic contacts with target cells. Active endocytosis of several adhesion molecules facilitates the dynamic exchange of these molecules at the surface and promotes neurite outgrowth in developing neurons. The endocytosis of N-cadherin, a calcium-dependent adhesion molecule, has been implicated in the regulation of neurite outgrowth, but the mechanism remains unclear.
| INTRODUCTION
Neurite outgrowth is the fundamental process for circuit formation during brain development. [1] [2] [3] During early neuronal development, each individual neuron polarizes into a single axon and multiple dendrites and forms specialized contacts called synapses to transmit information across cells. 3, 4 The duration and complexity of neurite outgrowth will determine the number of synapses formed onto specific target cells in various areas of the brain. Impaired neurite outgrowth results in synapse and circuit malformation, which has been proposed to underlie the pathogenesis of several neurological and neurodegenerative diseases. 5 Thus, we need to elucidate the molecular mechanisms underlying neurite outgrowth.
In vitro-cultured neurons from rodents are a well-established model system to study neurite outgrowth. Many intrinsic and extrinsic regulators of neurite outgrowth found in vitro have been verified in vivo. N-cadherin is one intrinsic regulator important for circuit formation in mouse and fly. 6, 7 As a calcium-dependent intercellular adhesion molecule, N-cadherin is highly expressed in the central nervous system. The extracellular domain of N-cadherin mediates intercellular adhesion, and the cytoplasmic fragment (CTF) is coupled to remodeling of the actin cytoskeleton via associated catenins. 8 During neurite outgrowth, N-cadherin-mediated adhesion has been implicated in the generation of traction force, contact formation and selective adhesion with nearby cells during neural development. [9] [10] [11] Therefore, the regulation of surface N-cadherin is crucial for finetuning the adhesive force during rapid change of neuronal morphology such as neurite outgrowth.
Trafficking of N-cadherin is one key pathway regulating the surface level of N-cadherin. 7, 11, 12 Surface N-cadherin undergoes a regulated cycle of endocytosis and recycling to facilitate cell migration and synaptic plasticity. [11] [12] [13] To initiate the endocytosis of N-cadherin, the CTF of N-cadherin needs to be recognized by the adaptor of the endocytic machinery for subsequent assembly of the endocytic coat.
| RESULTS

| N-cadherin undergoes CME
N-cadherin undergoes activity-dependent endocytosis regulated by β-catenin in synaptic plasticity, 12 therefore the CTF of N-cadherin may contain motif(s) responsible for regulated endocytosis. Among different endocytosis pathways, CME is a well-studied endocytosis pathway for regulated endocytosis. We hypothesized that β-cateninregulated N-cadherin endocytosis may occur via CME. We first examined whether N-cadherin CTF could undergo CME by replacing the extracellular and transmembrane domain of N-cadherin with that of human interleukin-2α subunit (Tac) for endocytosis assays. COS7 cells were co-transfected with the plasmids expressing green fluorescent protein (GFP) and Tac-chimera (Tac-CTF or Tac control), then incubated with the human interleukin-2Rα (IL-2Rα) antibody to label the Tac-chimeric proteins on the surface. After internalization at 37 C for 10 minutes, the remaining surface-bound antibodies were washed off using acid wash. Cells were then fixed and permeablized using methanol, leaving the internalized population of Tac-chimeric proteins to be labeled by fluorescent secondary antibody for quantification ( Figure 1A ). The endocytosis efficiency of Tac-CTF and Tac control was defined by normalizing the signal of internalized Tac antibodies to that of GFP (cell area). Consistent with the notion that Ncadherin endocytosis is mediated through CME, we found that treatment with Dynasore, a dynamin inhibitor used to inhibit CME, 15 reduced the endocytosis of Tac-CTF but not the Tac control ( Figure 1B,C) . We also knocked-down clathrin heavy chain (CLTC) with siRNA to examine the internalization of endogenous N-cadherin in neurons. The CLTC siRNA was introduced into cultured neurons for 48 hours. A GFP control plasmid was co-transfected with the control or CLTC siRNA into cultured neurons on DIV 1 to mark the transfected neurons. The knockdown efficiency of CLTC siRNA was confirmed by immunofluorescence staining of endogenous CLTC in cultured neurons ( Figure 1D ), which showed a~37% decrease in endogenous CLTC ( Figure 1E ). For endogenous N-cadherin endocytosis assays under basal conditions, an anti-N-cadherin extracellular domain antibody (F11) was used to live-label the surface population of N-cadherin proteins. After internalization, both the surface and the internalized N-cadherins (iNcads) labeled with F11 antibody were fixed and further labeled with different fluorescent secondary antibodies as described previously. 12 We found a fraction of iNcad that colocalized with EEA1, an early endosome marker, which indicates that a portion of endocytosed N-cadherin are trafficked to the early endosome. CME is one of the well-studied endocytosis pathways that traffic its cargo to the early endosome. Therefore, to further confirm that N-cadherin undergoes CME like other classical cadherins, 16, 17 we quantified the population of iNcad in the endosomes by measuring the signal of iNcad that overlaps with EEA1
(iNcad OL EEA1, Figure 1F ). CLTC knocked-down neurons showed ã 35% decrease in N-cadherin endocytosis relative to controls ( Figure 1G ) with no significant effect on the level of endogenous EEA1 between controls and the CLTC knocked-down neurons ( Figure S1 ). According to our results, we concluded that N-cadherin undergoes CME through its CTF.
| N-cadherin binds to the μ2 subunit of the AP-2 complex
Because the AP-2 adaptor complex is the major cargo recognition component for CME at the initiation step, 14, 18, 19 we used coimmunoprecipitation (co-IP) assays to investigate whether the AP-2 complex could interact with N-cadherin. We expressed N-cadherin in Neuro-2a (N2A) cells that lack the expression of cadherins, and observed that α-adaptin, β2-adaptin and μ2 co-precipitate with Ncadherin ( Figure 2A ). In addition, we used co-IP in COS-7 cells overexpressing GFP-tagged full-length (FL) N-cadherin (Ncad-GFP) or GFP along with myc-tagged α-adaptin (α-myc), β2-adaptin (β2-myc) or μ2 (μ2-myc) subunit to examine the interaction between N-cadherin and each individual subunit of the AP-2 complex. We found that FL N-cadherin precipitates more μ2 than α-adaptin or β2-adaptin ( Figure 2B ). This suggested that N-cadherin may directly interact with μ2. To further confirm that there is direct interaction between μ2 and N-cadherin CTF, we performed in vitro pull-down assay using purified μ2-myc fusion protein to co-incubate with glutathione-S-transferase (GST) or GST-fused N-cadherin CTF (GST-CTF). We found that μ2
interacts directly with N-cadherin CTF ( Figure 2C ). This suggested that the weak signal of α-myc and β2-myc observed ( Figure 2B ) may be due to indirect interaction between these components and N-cadherin, possibly through the endogenous μ2 subunit. FIGURE 1 N-cadherin undergoes clathrin-mediated endocytosis. A, A schematic drawing of Tac internalization assay. The antibody live-labeling endocytosis assays were performed in COS-7 cells co-transfected with Tac-N-cadherin cytoplasmic fragment (CTF) chimera (Tac-CTF, 747-906 a.a.) or Tac alone and green fluorescent protein (GFP) plasmids. Tac antibody was used to recognize the surface population of Tac-chimera. After internalization, residual Tac antibodies on the surface were washed off using acid wash, leaving those protected by internalization to be detected by secondary antibody (labeled in magenta) after permeabilization. B, To inhibit clathrin-mediated endocytosis, cells were pretreated with 0.2% dimethyl sulphoxide (DMSO) control (CTRL) or 50 μM Dynasore (dissolved in 0.2% DMSO) for 2 hours. C, Quantification of endocytosis was conducted by normalizing the internalized punctae to total cell area determined by the GFP fluorescence (n = 6 individual experiments, mean AE SD). Asterisks denote a statistical difference in the number of internalized puncta per cell area (2-way ANOVA, Bonferroni's multiple comparison test) relative to that of the CTRL group, ****P < .0001. Scale bars = 20 μm. D, Hippocampal neurons transfected with GFP and siRNA (CTRL and CLTC-siRNA, respectively) were stained for endogenous CLTC. E, Quantification of endogenous CLTC was conducted by normalizing the total intensity of endogenous CLTC intensity to total cell volume to obtain average intensity of endogenous CLTC (n = 4 individual experiments, mean AE SEM). Asterisks denote a statistical difference in the number of internalized puncta per cell area (2-tailed Student's t test) relative to that of the control (CTRL) group. *P < .05. Scale bars = 5 μm. F, The N-cadherin antibody livelabeling in hippocampal neurons was performed by labeling internalized N-cadherin (iNcad) using anti-N-cadherin extracellular domain antibody (F11) in neurons transfected with GFP and siRNA (CTRL and CLTC-siRNA, respectively). EEA1, an early endosome marker, was stained to mark the early endosome. iNcad OL EEA1 is the iNcad punctas that overlapped (OL) with EEA1, indicating those iNcad trafficked to the early endosome. G, Quantification of N-cadherin endocytosis is done by normalizing the area of iNcad colocalized with EEA1 (first column, iNcadOLEEA1) per cell area to total cell area of soma (GFP) in control neurons and CLTC knockdown neurons (n = 5 individual experiments, mean AE SEM). Asterisks denote a statistical difference in the number of internalized N-cadherin per cell area (2-tailed Student's t test) relative to that of the CTRL group. *P < .05. Scale bars = 5 μm
In addition, we used super-resolution microscopy to assess the colocalization of N-cadherin and the μ2 subunit at growth cones of DIV 3 cultured hippocampal neurons, where endocytosis takes place actively. 20 Approximately 30% of N-cadherin colocalized with the μ2 subunit and only~10% of the total μ2 subunit colocalized with Ncadherin at the growth cones ( Figure 2D ,E), which suggests that a small amount of μ2 subunit is responsible for a portion (approximately one-third) of N-cadherin to undergo CME at the plasma membrane. These data indicate that AP-2 complex recognized N-cadherin as a binding partner through μ2 subunit. -GFP) and myc-tagged AP-2 subunits: α-adaptin, β2 adaptin and μ2 subunit (α-myc, β2-myc and μ2-myc, respectively), then the lysate was collected and immunoprecipitated using GFP-TRAP_A agarose beads. Myc antibody was used to probe for the myc-tagged AP-2 subunits. C, Pull-down assay was performed with purified μ2-myc recombinant protein and GST/GST-cytoplasmic fragment (CTF) (N-cadherin CTF). μ2-myc was first pulleddown using myc antibody conjugated agarose beads, than co-incubated with purified GST or GST-CTF protein. Co-immunoprecipitation results between various CTF fragments and μ2 in (C) were summarized on the right with '+' and '−' representing positive and negative interactions, respectively. C, Green fluorescent protein (GFP)-tagged N-cadherin CTF subdomains and myc-tagged μ2 subunit were co-overexpressed in COS7 and co-immunoprecipitated to examine the interaction between each individual subdomain and the μ2 subunit. D, Mutations on amino acid sequences of μ2 binding motifs showing the conserved amino acids (cyan) changes to alanine residues (red). All mutants were then tagged with GFP for various analyses. E, Co-overexpression and coimmunoprecipitation between GFP-tagged μ2-binding CTF (C123) mutants and myc-tagged μ2 subunit, followed by immunoblotting with antibodies of myc for μ2 and β-catenin. Bar graphs display the binding efficiencies of various mutants to either μ2 subunit (F) or β-catenin (G) relative to those of WT (n = 3 individual experiments, mean AE SEM; *P < .05, **P < .01, ***P < .001; 2-tailed 1-sample t test.) residues at −4 and −5 position; C2 (a.a. 761-801) containing the acidic cluster motif; and C3 (a.a. 802-906) containing the basic-rich motif (RR) and tyrosine-based (YXXϕ) motifs ( Figure 3B ). The GFPtagged full-length (FL), CTF (i.e. C123) and various truncated CTFs (C1, C2, C3, C12, C23 and C13) of N-cadherin were analyzed for μ2 association. The preliminary assessment suggested that the C3 but not C2 region was required for binding to μ2-myc ( Figure 3C ). Evidently, the presence of C3 produced multiple bands ( Figure 3C ), which may be due to the phosphorylation of serine residues near the end of the cytoplasmic tail. 22 Interestingly, we observed that the expression level of cytoplasmic soluble proteins (N-cadherin CTFs) is higher than that of membrane-bound protein (FL N-cadherin). However, the cytoplasmic soluble proteins (CTFs) precipitated less μ2 compared with the membrane-bound N-cadherin. We speculate this phenomenon may be due to the subcellular localization of μ2, which is adjacent to the plasma membrane, resulting in the higher possibility of interacting with the membrane-bound N-cadherin. From prior knowledge about cargo-binding sequences for each adaptin 14, 21, 23 and our observation that μ2-myc level was greatly reduced with coexpression of several C1-containing constructs (C1, C12 and C13),
we excluded C1 and focused on C3 region for our further study.
Next, we generated alanine-substituted mutations in the 3 putative 
FIGURE 4
The μ2 subunit binding motifs are located in the β-catenin binding region of N-cadherin cytoplasmic fragment (CTF). A, Schematic of the domain structure of N-cadherin and N-cadherin CTF deletion constructs. Pro, prodomain; EC, extracellular cadherin domain; T, transmembrane domain; Y1, tyrosine-based motif (YDSL); Y2, tyrosine-based motif (YDYL). Co-immunoprecipitation results between various CTF fragments and μ2 or β-catenin in (B) were summarized on the right with '+' and '−' representing positive and negative interactions, respectively. Constructs colored in red represent those missing 1 or both tyrosine-based motif(s). B, Green fluorescent protein (GFP)-tagged N-cadherin CTF deletion constructs and myc-tagged μ2 subunit were co-overexpressed in COS7 and coimmunoprecipitated to examine the interaction between CTF and the μ2 subunit. Same blots were probed for endogenous β-catenin the ratio of μ2:βCat = 1:0.5 (μg). Conversely, using the siRNA knockdown approach to decrease the amount of endogenous β-catenin, we found increased binding between N-cadherin and the μ2 subunit ( Figure 5C ). Here we used 2 N-cadherin CTF constructs, amino acids 771-906 (C23) and 802-906 (C3), because the region 771-801 contains a minor β-catenin-binding region that might also contribute to the regulation of μ2 binding. 12 
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According to previous studies, the p120-catenin binding core region has been identified to regulate E-cadherin and VE-cadherin endocytosis. 28, 29 In addition, the aforementioned result ( Figure 3C) shows that the presence of C2 next to C3 region (ie, C23) facilitated the interaction with μ2-myc and the C2 region (761-807 a.a.) contains the binding site for p120-catenin ( Figure 3B ), so we further clarified whether p120-catenin is involved in the μ2-dependent endocytosis of N-cadherin CTF using the p120-catenin core binding motif mutant, (DEE 774-776 to AAA 774-776 ) 28 in β-catenin KD cells. We did not observe any significant difference in the endocytosis efficiency between the N-cadherin DEE mutant and WT control ( Figure S2 ). By comparing the amino acid sequences around the p120-catenin core binding region between N-cadherin and E-cadherin, we found that N-cadherin lacks the critical tyrosine residues present in E-cadherin to promote strong and static binding to p120-catenin, 30 which may lead to the result showing the depletion of p120-catenin has an insignificant effect on N-cadherin endocytosis.
| Altered N-cadherin endocytosis disturbs neurite outgrowth
Next, we examined the μ2 binding and endocytosis of WT and the These results indicate that μ2-dependent CME accounts for a fraction of N-cadherin proteins to be endocytosed, and altered N-cadherin endocytosis may disrupt neurite outgrowth during early differentiation.
| Sequestering β-catenin increased μ2 and clathrin binding to surface N-cadherin
Our data demonstrated that β-catenin and μ2 subunit are 2 of the critical regulators of clathrin-dependent N-cadherin endocytosis. However, the μ2-dependent endocytosis of N-cadherin was masked because of the strong binding between β-catenin and cadherin. 34 Therefore, removing the specific population of β-catenin from Ncadherin at the plasma membrane is necessary for monitoring the μ2- 
| Increased N-cadherin endocytosis promotes neurite outgrowth in early neurons
CME is required for neurite outgrowth, 39 suggesting that although the YDSL/YDYL mutant is able to increase CME of N-cadherin, it could not overcome the effect of β-catenin sequestration induced by CTF overexpression. To sum it up, the effect of β-catenin sequestration by CTF overexpression is the major contributor to the decreased surface N-cadherin, and those μ2 uncoupled from CTF sequestration contribute to a small but significant increase on the CME pool of N-cadherin that traffic to the early endosome.
Next, we measured neurite length in neurons overexpressing these sequestration constructs to investigate the effect of CME on N-cadherin endocytosis in neurite outgrowth. In neurons overexpressing the WT and RR mutant, the length of neurites was significantly reduced by~40% relative to the control group expressing GFP ( Figure 8D,E) . This result suggests that the reduced surface level of N-cadherin ( Figure 8B ) impairs neurite outgrowth, which is consistent with published reports. 9, 25 However, increased N-cadherin endocytosis in YDSL/YDYL-overexpressing neurons reversed the impaired neurite outgrowth to a small but insignificant decrease (~40% tõ 16%, P = .154) as compared with neurons expressing GFP as a control, which suggests that the μ2-mediated endocytosis of N-cadherin plays important roles in N-cadherin-dependent regulation of neurite outgrowth in addition to generating traction force. 41 
| DISCUSSION
The endocytosis of cadherins is a vital process that modulates intercellular adhesion during development and tissue repair and remodeling later in life. 42, 43 In addition to the multiple endocytosis pathways that have been identified in other cadherins such as E-cadherin and VE-cadherin, we identified an endocytic machinery regulating the internalization of N-cadherin that thereby modulates neurite outgrowth. This CME machinery includes a negative regulator, β-catenin, which is a core component of the N-cadherin adhesion complex, and a positive regulator, μ2 subunit, which is the key N-cadherin-binding subunit in the AP-2 adaptor complex. Moreover, β-catenin masks the 2 tyrosine-based motifs of N-cadherin to exclude μ2 binding.
N-cadherin is a member of the classic cadherin family, in which all members have conserved cytoplasmic domains that bind several catenins: α-, β-, δ-, and p120-catenins. 44 Although the cytoplasmic region on classical cadherins is quite conserved, the endocytosis regulation seems to vary among different types of classical cadherins.
Previous studies have demonstrated that the dileucine motif on Ecadherin is the major regulatory element for E-cadherin internalization, 28, 29 whereas the p120-catenin binding core region (DEE) on VE-cadherin seems to be the predominant regulatory region for VE-cadherin. 28 In contrast, we found that tyrosine-based motifs are the critical regulatory element for N-cadherin ( Figure 5 F) and are recognized by the AP-2 complex via the μ2 subunit instead of α-adaptin, which binds to E-cadherin and regulates E-cadherin endocytosis. 23 Previous studies of E-cadherin and VE-cadherin endocytosis have identified p120-catenin instead of β-catenin as the negative regulator, 28, 29, 45 but we found that β-catenin, instead of p120-catenin, is a negative regulator for N-cadherin endocytosis (Figures 5 and   S1 ). One possible explanation supported by our results is that the binding of β-catenin may structurally mask the tyrosine-based motifs of N-cadherin from the μ2-dependent endocytosis machinery. However, the binding between p120-catenin and N-cadherin may still be important in stabilizing N-cadherin at the junction by promoting the trafficking and clustering of N-cadherin at the membrane. 46 Although β-catenin strongly binds to N-cadherin and forms a stable cadherin-catenin complex, their binding can still be dynamically modulated. 47 For example, β-catenin preferentially binds to the phosphorylated form of cadherin, 22 and itself can also be phosphorylated on tyrosine 654 to dissociate from cadherin. Mutated tyrosine-based motifs decreased N-cadherin endocytosis and reduced neurite outgrowth in Neuro-2A (N2A). A, Coimmunoprecipitation was performed in N2A cells expressing green fluorescent protein (GFP)-tagged wild-type (WT) and double mutant (YDSL/ YDYL) N-cadherin full-length protein and myc-tagged μ2, then the lysate was collected and pulled-down using GFP-TRAP_A beads. B, Bar graph displays the binding efficiencies of mutated full-length N-cadherin (YDSL/YDYL) to μ2 subunit relative to those of WT (n = 3, mean AE SEM; *P < .05, ****P < .0001; 2-tailed 1-sample t test). C, Representative blots of N-cadherin internalization experiments in N2A cells transfected with WT and mutated (YDSL/YDYL) full-length N-cadherin. Surface proteins were labeled with biotin (as described in the Materials and Methods), and then returned to the incubator for endocytosis. After incubation for variable times (internalization times), the residual extracellular biotin groups were removed by glutathione (GTH) treatment. Endogenous transferrin receptor (TfR) served as a control representing the activity of clathrin-mediated endocytosis (CME). D, Summary plot of the biotinylated endocytosis assay on N-cadherin internalization. Asterisks denote a statistical difference in amount of internalized N-cadherin (Ncad) or Transferrin receptor (TfR) (2-tailed Student's t test) relative to that of the WT group (n = 4 individual experiments, mean AE SEM; *P < .05, #P = .15). E, N2A cells were transfected with full-length N-cadherin (WT vs mutant), and treated with 20 μM retinoic acid (RA) to induce neurite outgrowth. F, Neurite length of transfected N2A after RA induction was measured and quantified in the graph (n = 3 individual experiments, mean AE SEM; *P < .05; 2-tailed Student's t test). Scale bar = 50 μm overexpression of N-cadherin CTF can sequester endogenous β-catenin, thereby affecting its dual roles in adhesion stability and transcription activation, 25, 36, 54 which might contribute to the impaired neurite outgrowth. Nevertheless, we were able to isolate the μ2-dependent Whether this situation is due to a faster rate of recycling or a 
| MATERIALS AND METHODS
| Antibodies and reagents
The details of primary and secondary antibodies used here are listed in Table S1 . To note, polyclonal surface N-cadherin antibody (F11) was generated in rabbits (IMB Animal Facility) and characterized as described.
12 Dynasore (D7693) was from Sigma-Aldrich. Protease inhibitor cocktail was from Calbiochem and the phosphatase inhibitor cocktail, PhosSTOP, was from Roche. siRNAs for β-catenin (M-003482-00-0005), μ2 subunit (M-008170-01-0005) and clathrin heavy chain (CLTC, M090659-01-0005) were from Dharmacon.
siRNA for p120-catenin (ID: s3726, s3727) was from Ambion.
| Plasmid construction
The Tac (human IL-2 receptor-α) and Tac NHS-SS-biotin (Pierce) as described. 12 After biotinylation, cells were quickly rinsed with PBS, replaced with growth medium and returned to the incubator for various times as indicated in Figure 3 , then cells were quickly chilled on ice and the surface biotin group was removed using 50 mM glutathione (GTH) as described. 12 
| Neurite outgrowth assay in N2A cells
N2A cells were plated at 37 000 cells/cm 2 for transfection. Cells were transfected for 24 hours and then starved in serum-free DMEM medium (Gibco, Life Technologies) for 5 hours before RA treatment.
The starvation medium was then replaced with medium containing 20 μM RA with 2% FBS for 48 hours before fixation. 
| Immunoprecipitation and immunoblotting
| Endocytic assay immunostaining and image acquisition
For the Tac Images were acquired by using the LSM780 microscope with a 63× oil objective.
For neurite outgrowth assays, transfected neurons were fixed, permeabilized, blocked and incubated with anti-GFP primary and secondary antibodies. GFP-filled neurite images were acquired by using the Micro XL High-Content Screening System (Molecular Devices) with a 20× objective.
| Image analysis
For Tac For N-cadherin and EEA1 colocalization experiments, the sum of individual GFP-transfected neurons was manually cropped out. The z-stack images of the GFP channel were z-projected by sum intensity and the threshold was set to obtain a mask. The z-stack images of surface N-cadherin, iNcad and EEA1 channels were deconvolved by using the 3D deconvolution plug-in of ImageJ software. The deconvolved EEA1 stacks were z-projected by sum intensity and the threshold was set at (200, 255) to create a mask using Image Calculator from ImageJ for the colocalized N-cadherin. Finally, the GFP mask was used to obtain the actual measurement of cell area, which was used as the denominator to compute the surface N-cadherin and the iNcad that colocalized with EEA1.
For the measurement of endogenous CLTC intensity, images were analyzed using the surface setting in Imaris 8.0 (Bitplane). The threshold was set at 3.0 under the surface setting.
| Statistical analysis
Comparison between 2 groups involved 2-tailed, unpaired Student's t test and more than 2 groups 1-way ANOVA with Bonferroni's Multiple Comparison test unless noted in the figure legend. Microsoft
Excel and GraphPad Prism were used for analysis. P < .05 was considered statistically significant. Number of independent experiments is indicated in the figure legend. Data represent mean AE SEM unless noted otherwise.
